A three-body calculation on n-d elastic scattering was done with two different types of separable potentials. The calculated values are compared with new pod experiment. It was shown that the cross section and the nucleon analyzing power are strongly sensitive to the swave part of deuteron wave function.
Recently the study of pod elastic scattering has been done both experimentally and theoretically with the hope of obtaining information about the two-nucleon interaction. I) It is widely believed that the two-body off-shell effect would not be important in the threebody observables. For example, Doleschall emphasizes the importance of the on-shell property of the two-nucleon interactions and pays little attention on the two-body off-shell effect in the series of his work of a very sophysticated Faddeev calculation. 1).2) In this short note, however, we show that the wave function of the deuteron, which is the half-off-shell property, has an important role in the observables of low energy nod elastic scattering. For this purpose we perform a three-body calculation with simple separable potentials and compare it with a new experiment performed at UTTAC.
3 )
The three-body calculation was done by using newly constructed code by two of the authors (Y.K. and Y.T.). Because of the complexity of the three-body calculation, it is highly desirable to check the numerical accuracy of the calculation before we make any comparison with the experiment. For this purpose we calculate the on-shell three-body amplitudes with the same potential set as the first work of Doleschal1. 4 ) This potential set has rank-l separable potentials for the twonucleon states of I So, 3 51 _3 dl and all p-waves. In this paper we call this potential set 'YYT, because it has a rank-l separable potential YY7 in the 3 51 -3d l state.
We solved the three-body equation at Ep =22.7 MeV where amplitudes were reported numerically by two independent groupS.4).6) We used two commonly used techniques to solve the equation: Pade approximant 8 ) was used in order to make the Born series convergent, while the contour deformation method by Hetherington and Schick 9 ) was used to avoid the singularity in the integrand. We found the convergence of the diagonal Pade series is very fast. The difference between amplitudes with [6/6J Pade and [S/SJ Pade is at most 0.01% in the three-body 0/2)+ state. For other states, lower Pade approximants were sufficient. The convergence of the numerical integration with respect to the momentum q (momentum of the third particle relative to the interacting pair) is rather slow and requires more careful treatment. We changed the integral variable from [0, =) to [-1, 1) by the following relationS) and used the Gauss-Legendre quadrature rule
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Vol. 66, No.5 (1) where k and () are parameters which can be chosen to make the convergence fast. We calculated the amplitudes with several sets of k and () with 16 and 25 points Gauss rules. In Table I we show amplitudes for the 0/2)+ state, where the largest descrepancy was found. Reasonable variation of k and () made little changes in the calculated amplitudes especially with 25 points Gauss rule.
In Table I we also show the reported amplitudes by Doleschall') and by Bruinsma 6 ) with the same potential set at the same energy. These amplitudes were normalized to our amplitudes. From Table I we conclude that these amplitudes from these groups agree reasonably well with each other. Note that the method of solution is different between these groups. The difference between observables calculated with 16 points and 25 points Gauss rules was at most a few percents. The numerical error in the cross section seems to be especially small.
An experiment was made on pod elastic scattering at Ep = 11.09±0.02 MeV by using a 12 UD Pelletron tandem accerelator and a Lamb-shift type polarized ion source.') The results covered a complete set of the zeroth and first order observables for spin,
namely o(()), A y(()), iTll(()), Tzo(()), TZ1(()) and Tzz( ()). The absolute accuracies of o( ())
were less than 0.85% at the forward hemisphere and less than 1.1% at the backward hemisphere. The absolute accuracy of Ay at the peak was 3.5%.
We calculated observables at Ep = 11.1
MeV solving the three-body equation with the potential set 'YYT. The result of the calculated cross section and neutron analyzing power is shown by a solid curve in Fig. 1 and compared with the experimental values of pod elastic scattering. Except for the forward scattering region where the Coulomb amplitude becomes important, the calculated cross section shows a very nice fit to the experiment. Figure 1 also shows that the calculated neutron analyzing power agrees with the experiment fairly well. We found the agreement between the theory and the experiment was reasonable also for the deuteron analyzing powers iTll and TZk.
It is well known that the 3 51 _3 dl potential in 'YYT is not satisfactory.Z),6) The 3dl phase shift and mixing parameter E by 'YYT show wrong behaviours. One can overcome this situation by introducing rank-n separable potentials with n form factors into the 3 51 _
i,j=l
The form factors gi(P) depend on the direction of the two-body relative motion because they are represented as sums of 3 51 and 3 dl states
with If we add the following conditions to the potential: with T4D comparing the calculated observabIes by the present code with those in Ref.
2).
We use several potential set in order to discuss the sensitivity of the pod observables to the deuteron wave function. All potential sets have the same potential as 'YYT in all states other than the 3 51 _3 dl state, while they have different potentials in this state. The set 'YY 4' has Yamaguchi type form factors with 4% deuteron d-state probability instead of 7% probability of 'YYT. The set 'T4D-2' has the rank-2 T4D potential in the 3 51 _3dl state. We construct a new rank-l separable potential in the 3 51 _3 d, channel dropping the second form factor from the rank-2 T4D potential. Thus we obtain a new set 'T4D-l' which has the rank-l separable potential with the first form factor of T 4D. Note that 'T4D-2' and 'T4D-1' have the completely same deuteron wave function as can be seen from Eq. (7) and the discussion given above. They have a different phase shift behaviour, on the contrary, in the 3 51 -3dl state: 'T4D-2' predicts a very nice phase shift behaviour except for the mixing parameter up to 300 MeV, while 'T4D-1' does not. 'T4D-l' fails to reproduce the experimental value even in the low energy region. At 10 MeV experimental value for the 3 deuteron as well as the characteristics of the phase shift behaviour is shown in Table II .
Results of the present calculation are shown in Fig. 1 . Two sets 'YY 4' and 'YYT give similar results for the cross section and the neutron analyzing power in spite of the different d-state probability. Both sets give reasonable fits to the experiment. In spite of the best phase shift behaviour in the 3 ;;1-3 dl state, however, large discrepancy is found between the calculated value with 'T 4D-2' and the experiment. Surprisingly enough, two sets 'T4D-2' and 'T4D-1' give similar results for the cross section and the neutron analyzing power. These potential sets have the same deuteron wave function, while their phase shifts are different. The deuteron wave function by T 4D is rather different from the Hulten type deuteron wave function which is predicted by Yamaguchi type separable potential. Therefore the difference of the deuteron wave function is more important than the difference of the phase shift in the cross section and neutron analyzing power of nod elastic scattering at the present energy. From this fact, we conclude that the deuteron wave function plays an important role in this scattering than has been expected.
A short comment on the asymptotic DiS ratio of the wave function 7J should be noted. As can be seen in Table II 3 dl channel with fixed other partial waves, we obtain a reasonable value of the cross section and the neutron analyzing power as well as when we use 'YYT or 'YY 4'. Obviously in case of the 3 51 potential the asymptotic ratio 7J is null which is a wrong value. The difference of the observables with different kind of potentials should be attributed, therefore, the difference of the 5-wave part of the deuteron wave function, which has not been well known.
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